Abstract. In order to improve the efficiency in path planning of security robot, this paper addresses to construct three kinds of grid obstacle models from simple to complicated, and use the integrated ant colony-particle algorithm to make global path planning. For further explaining the effectiveness of the combined algorithm implementation, this paper compares the different effects in path planning of the traditional ant colony algorithm and the combined ant colony-particle swarm optimization from three aspects, which are the iteration number of searching the optimal solution, the shortest path length and the running time. It is found that the integrated ant colony-particle algorithm enhances the search efficiency of the optimal solution and reduces the number of iterations of the search, so as to complete the optimal path of the security robot from the start point to the end point.
Introduction
Nowadays, intelligent security robots are capable of continuous, autonomous, real-time motion and the acquisition of live environments. For mobile robots, how to make robots to complete a predetermined job autonomously in a complex environment is the key and difficult point of research [1] . In the monitoring of environmental information, mobile robots need to accurately grasp their own location and the location of obstacles in the environment, and make real-time path planning in order to safely achieve the goal-oriented movement. Path planning is to find a collision-free path from the initial state to the target state in the environment with obstacles according to certain evaluation criteria (such as minimum working cost, shortest walking route, shortest walking time, etc.) [2] .The current path planning algorithms are roughly divided into two kinds which are traditional algorithms and heuristic algorithms. The traditional algorithms are roadmap method and grid method. Artificial intelligence algorithms are also widely used in mobile robot path planning, such as ant colony algorithm, genetic algorithm, neural network algorithm and so on. Ant colony algorithm is widely used in path planning of mobile robots because of its parallelism, strong robustness and global optimality. However, in practical application, we find that the ant colony algorithm is computationally intensive and solves for a long time and is prone to stagnation [3] . The particle algorithm can make up for the lack of ant colony algorithm in the stability and search time, so this article combines the ant colony and the particle algorithm to form a new path planning algorithm, which is applied in the pasture monitoring robot.
Modeling of the Ranch Monitoring Robot's Working Environment
The actual working environment of a mobile robot is a realistic physical space, and the space handled by the path planning algorithm is an abstract space of the environment. Environment modeling is a very important link of the robot path planning. Through a large number of literature research [4] , this paper uses the grid method to establish the model. The working environment is divided with grids of the same size and the obstacle model is constructed according to the working environment of the security robot.
Regardless of the information of the robot in the height direction, a limited number of static obstacles are provided in the two-dimensional space of the robot. Let the horizontal axis be the x-direction and the vertical axis be the y-direction. Let the walking distance of the robot be a. Divide the x-and y-axes equally at a-step to form grids In the grid model shown in Figure 1 , the grid coordinates can be obtained from the grid number i:
Among them, mod is the complementary operations and fix is the rounding operation.
Integrated Ant Colony and Particle Algorithms
The Traditional Ant Colony Algorithm Principle
denote the probability of ant k going from point i to next point j. When the ant passes through all the points, the pheromone stored in the environment will be updated [5] . When all the ants complete their own path construction, the pheromone on each path gradually increases, and the calculated pheromone concentration is recorded as
. When the concentration meets the termination condition (ie when the number of iterations exceeds a certain set value), the optimal path built by ants is the final path sought.
Among them: In Eq. (2) is the pheromone increment between node i and j.
Particle Swarm Algorithm Theory
The initial state of particle swarm optimization algorithm is a group of particles randomly distributed in the solution interval, constantly updating the position and velocity of the particles, constantly comparing to obtain the optimal or suboptimal solution and achieve path planning [6] . Particle swarm formula is as follows:
and ) (t X ij are the current velocity and position of the particle respectively; 2 1 ,C C are learning factors; best ij P , is the individual extreme value of the current (i, j) the particle search; and best g is the global value.
Integrated Ant Colony and Particle Algorithms
As ant colony algorithm and particle algorithm have their own advantages and disadvantages, this paper combines the two algorithms for path planning. The ant colony algorithm searches for the optimal path through positive feedback and distributed collaboration, which can search globally and parallelize. However, the slow convergence speed, the long computing time and the irrational parameter setting will put the entire path in disorder. Particle algorithm can just make up for the shortcomings of the ant colony algorithm with the advantages of good search performance, fast convergence. Therefore, the path of security robot can be optimized by particle algorithm to achieve a rough search to get enough pheromones on the path, and then search accurately by the positive feedback feature of ant colony algorithm. The Integrated ant colony and particle algorithm is shown in Figure 2 . The steps of the ant colony and particle algorithm integration can be summarized as a few steps: 1) Initialize each parameter.
2) Randomly select the particle position and calculate the particle fitness. Then roughly search the global environment; constantly update individual optimization, global optimization, particle position and velocity by searching.
3) When the number of iterations reaches the initial value, the pheromone is updated based on the rough search to improve the search ability of the ant colony algorithm.
4) Use the ant colony algorithm mode for fine search, and ultimately get the optimal solution. 
Application of Integrated Ant Colony and Particle Algorithms on Robot Simulation
In order to show the effectiveness of the combined ant colony and particle algorithm in security robots, a global path planning of the pasture monitoring robots under a convergent algorithm is constructed. By using matlab simulation, grids of 10*10, 20*20 and 30*30 Map are established to identify the obstacles. The 10*10 grid map shows the simple-obstacle environment, 20*20 grid maps shows the middle-obstacle environment, and 30*30 grid map shows the difficult-obstacle environment. Starting point is in the upper left corner (green) and the ending point is in the lower right corner (red). Algorithm initialization: the number of ants per wave is 30, Alpha = 1, Beta = 15, pheromone is 0.95, and the number of iterations is 100 times. The simulation results are as follows:
①Simulation experiments are carried out in a 10*10 grid environment. The path planning is shown in Figure 3 , and the path planning length is 13.89800. The convergence curve is shown in Figure 4 .
②In 20*20 grid environment, the path planning is shown in Figure 5 , and the path planning length is 30.96000. The convergence curve is shown in Figure 6 .
③In the 30*30 grid environment, the path planning is shown in Figure 7 , and the shortest path planning is 48.5220. The convergence curve is shown in Figure 8 .
In order to further illustrate the efficiency of the combined ant colony and particle algorithm, Table 1 compares the effects in path planning of traditional ant colony algorithm and the integrated ant colony-particle from the three aspects which are the search optimal solution iteration number, the shortest path length and the running time. The initial conditions and the original environment of the three obstacles remaining unchanged, the average is calculated after 50-time tests.
As shown in Table 1 , the integrated ant colony-particle algorithm reduces the run time by 24.79% and shortens the path length by about 24% in a 10 × 10 grid environment. In a 20 × 20 grid environment, the combined ant colony-particle algorithm reduced the run time by 45.26% and shortened the path length by 24.24%. In the 30 × 30 grid environment, the combined ant colony-particle algorithm reduced the run time by 23.73% and shortened the path length of 16.16%. Moreover, the more complex the obstacle environment, the more the number of iterations of searching for the optimal solution decreases. The results show that the integrated ant colony-particle algorithm is more effective in the safety robot path planning. 
Conclusion
In order to solve the problem of path planning for security robots, this paper proposes an integrated ant colony + particle algorithm for robot applications. Using matlab to simulate the three kinds of obstacle environments from simple to complex, the path planning is made through integrated algorithm in three environments. In order to verify the validity of the combined ant colony-particle algorithm, this paper takes the test 50 times in each environment without modifying the initial conditions and record the running time, the shortest path length and the number of iterations by searching for the optimal solution of the traditional ant colony algorithm and the integrated ant colony-particle swarm optimization algorithm. In this paper, we find that the integrated ant colony-particle algorithm improves the search efficiency of searching for the optimal solution and reduces the number of iterations of the search, so as to complete the optimal path of the robot from start to end.
